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1.0

REVISION

INTRODUCTION AND SUMMARY

Occurrences of thin NBR insulation in the cylindrical areas of the
8B aft, 8A center, and 7B forward segments make it desirable to
develop our ability to secondary vulcanize raw calendered NBR
rubber into a previously cured NBR insulated segment. Impact to
schedule and high costs of removing and replacing the insulation
indicates the need to evaluate the feasibility of adding raw NBR
insulation to provide required thicknesses of insulation in RSRM
segments.

This testing evaluated insulation preparation and various coating
combinations using three rubber thicknesses. This testing only
evaluated applying the raw insulation over the pattern texture
face of cured insulation.

It is concluded that using a wire brush and TCA solvent increases
the bond strength and that either of the Chemlok combinations (one
coat of 205 or ome coat of 205 and one coat of 233) provide an
adequate interface strength to cause cohesive failure when peeled
at 45 degrees.

When secondary vulcanization is conducted directly onto the cured
NBR pattern surface, it is recommended that the surface be
prepared by cleaning with TCA solvent and a clean wire brush, and
immediately drying with a clean low-lint cloth. It is also
recommended that the Chemlok 233 and 205/233 surface coat
combinations be further tested and evaluated by pull testing to
better define the best system to wuse in providing maximum
interface bond strength.

NOTE

The laboratory test results
(Attachment I) were provided to Space
Quality Statistical Engineering for
evaluation of resulting data. Their
observations and related comments are
provided as Attachment II.
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2.0 CONCLUSIONS

1. Secondary vulcanization of raw asbestos NBR to cured asbestos
NBR using Chemlok 233 adhesive or Chemlok 205 primer, and
233 adhesive produces interface bond strengths sufficiently
strong to cause cohesive failures at significant peel values.

2. Using a clean wire brush in the solvent cleaning step of the
surface preparation improves the bond quality of a cured to
secondary vulcanized asbestos NBR interface.

3. Use of tackifier allows an adhesive failure at the cured
asbestos NBR rubber to secondary vulcanized asbestos NBR
rubber interface.

3.0 RECOMMENDATIONS

REVISION

It is recommended that:

1.

Secondary bonding be qualified as a repair method rather than
insulation removal when thin insulation occurs in RSRM
segment insulation operations.

Further testing be conducted to identify the best Chemlok
system to provide optimum secondary vulcanization interface
bond reliability.

A clean wire brush be used during the solvent cleaning
surface preparation operations to enhance the bondline
quality. :

Tackifier not be used as a mediator coating in cured asbestos
NBR rubber to raw asbestos NBR rubber bonding surface
preparation operationms.

TWR-50288
DOC NO. | vou

SEC I PAGE 2



T ool corrorarion

SPACE OPERATIONS

4.0

REVISION

DISCUSSION

This testing was conducted in the Phase II full-scale edge unbond
test segment after the testing outlined in WTP-0179A was
completed. The tests were conducted per the test matrix provided
as Table I.

4.1 Insulation Surface Preparation

a. The entire surface of the cured insulation surface where
the samples were to be located was cleaned with TCA
prior to the start of the test,

(1) The areas were thoroughly cleaned a second time
with a dampened TCA 1low-lint cloth. Then,
immediately dried with a clean dry low-lint cloth
to ensure no solvent residue remained.

(2) The sample area was wetted with TCA and brushed
thoroughly with a new (previously solvent cleaned)
wire brush to remove any contaminants from the
textured insulation surface and then thoroughly
dried with a clean low-lint cloth.

4.2 Surface Coating Application

a. One coat of Chemlok 233 was brush applied tothe pre-
determined areas of the cured NBR insulation of the
segment. These surfaces were allowed to dry for a
minimum of 30 minutes.

b. One coat of Chemlok 205 and one coat of Chemlok 233 were
brush applied in the predetermined areas of the cured
NBR insulation of the segment. Each individual coat of
Chemlok was allowed to dry for a minimum of 30 minutes
before the next subsequent operation was conducted.

c. Tackifier was brush applied on the cured insulation
surface. The raw rubber was required to be laid on this
surface within five to ten minutes after tackifier
application.
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REVISION

4.3

4.4

4.5

4.6

Insulation Lavup
NOTE

All rubber layup was laid so
that the grain of the NBR
rubber extended
circumferentially in the
segment (parallel to the
direction of the sample
pull).

Solvent (TCA) activation method and dry time was to the
normal RSRM segment insulating process requirements. A two
inch wide strip of Teflon tape was placed across the full
width of each sample. This tab was placed at the tang side
of each sample to ensure sample to sample consistency.

Vacuum Bagging

Dacron pattern cloth and 7777 Dacron breather cloth were
placed over the entire insulation surface. The nylon vacuum
bag was installed to extend from the OD of the case tang end

to just forward of the tang end rubber layup onto the bare
steel case.

Autoclave Cure
Cure was in the M-111 autoclave per the standard center
segment cure cycle and requirements as monitored by the

lagging sample thermocouple.

Sample Removal., Preparation And Peel Testing

NOTE

The surface of the cylinder did not
have Chemlok; therefore, the
previously —cured insulation and
subsequent secondary <vulcanized
samples could be removed from the test
cylinder.
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REVISION

The insulation areas containing these test samples were
removed from the test segment at H-7 and trimmed at Z-12 for
bonding to witness panel plates. Each of the 14 samples were
then bonded to a witness panel with EA 934NA and the
secondary vulcanized 1layers cut into one-inch strips
perpendicular to the grain of the NBR rubber. Peel testing
was conducted at room temperature, at 45 degree angle, and at
two inches per minute.

Test Results

The lab test results are included as Attachment I. Data from
Samples 11 and 13 were not considered because of unexplainable
inconsistency in peel testing data. Visual examination did not
determine any explainable reason for the testing inconsistencies;
however, the data from these two samples were not considered in
the evaluation for these study results. All Chemlok combinations
produced cohesive failures on resulting sample peels. Tackifier
prepared samples failed in combination adhesive/cohesive failures,
and the average (pli) stress was quite consistent when comparing
the three thicknesses of samples pulled:

.300 inch thick 170 pli
.100 inch thick 81 pli
.050 inch thick 43 pli
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ATTACHMENT I.

Failure fode Key

R&D Laboratory - Test Result Data

_ 1 = Aghesive/Metal 5 = Cohesive/Rubber 9 = Yoid
Lt 383240 2 = Cohesive/Adhesive b = Adhesive/Rubber 10 = Failure Cossent
ork Ocder: B1174 3 = Adhesive/Phenolic 7 = Cohesive/Liner 1B = Tab broke
Originator: Bary Purser 4 = CohesivesPhennlic B = Adhesive/Liner B = Duttos Side
P = Panel Side
Pate: 09/20/89 Test Machine: Rishle Teaperature: 73 Deg. F
Technician: M.JDavis Test Type: 45 Degree Peel Crosshead Speed: 2.0 in/ain
fin  Max fvg Failure Node Amalysis
Sepec Segment Panel Width  Stress Stress Stress Inches
%o, 1D. ID. Serial {in) tpli)  (pli) (pli) Peeled 1 2 3 4 5 6 7 8 9 10
{ Panel #1 1.0000 9.4 394 9.4 0.0 100 n
2 Panel ¥ 1.0000 2.0 42,0 420 0.0 100 n
3 Panel #1 1.0000 2.7 427 2o 0.0 100 n
4 Panel 1 1.0000 £5.5 £835 8BS 0.0 100 bt ]
S Panel M1 1.0000 0.6 4.6 40.4 0.0 100 Lt ]
& Panel #1 1.0000 45 B 48 0.0 100 n
7 Panel 81 1.0000 .9 4.9 4.9 0.0 100 n
B Panel 1 1.0000 2.3 2.3 2.3 0.0 100 B
9 Panel #1 1.0000 4.2 M4 M3 0.0 100 n
10 Panel 11 1.0000 8.9 M1 M40 0.0 - 100 ™
Average: 2.1 9.2 .t 100
Standard Deviatioa: 1.4 1.4 1.4
Coetf, of Var: % L4 338
Date: 09/20/89 Test Machine: Riehle Tesperature: 73 Deg. F '
Technician: M.Davis Test Type: 45 Degree Peel Crosshead Speed: 2.0 in/ain
ffin Hax fAvg Failure Node Amalysis
Spec Segaent Panel ¥idth  Stress Stress Stress Inches
No. 1. ID. Serial {in} {pli) (pli) (pli) Peeled 1 2 3 4 S & 7 B 9 10
11 Panel 42 1.0000 9.0 9.2 89.8 0.2 100 1]
12 Pane] 42 1.0700 859 87.6 8.8 0.4 100 b ]
13 Panel 22 1.0000 6.5 8.8 847 0.2 100 !}
14 Panel #2 1.0000 2.3 85.8 840 0.1 100 b |
15 Papel 82 1.0000 8.5 842 B3.8 0.2 100 i ]
i6 Panel 12 1,0000 3.6 843 B840 0.2 100 3
17  Panel 42 1.0200 9.2 815  80.5 0.2 100 )i ]
18 Panel 42 1. 0000 63.6 78,8 751 0.3 100 1]
19 Panel 12 1.0000 8.2 82,5 B1.8 0.2 100 i} ]
20 Panel 42 1.0000 831.3 8.3 BS.¢ 0.2 100 i1 )
Average: 8.5 847 B3.6 100
Standard Deviation: (%] 1.2 3.9
Coeff. of Var: 8.7 3.B2 4.6
Prepared by the Mechanical Properties Characterization Section of the RLD Laboratories
PASE !
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ATTACHMENT I. R&D Laboratory - Test Result Data (Continued)

Failure Mode Key

1 = Adhesive/etal 3 = Cohesive/Rubber 9 = Void
LeR 4 : 383240 2 = Cohesive/Adhesive b = Adhesive/Rubber 10 = Failure (ossent
Wort )rder: B1174 3 = Adhesive/Phenolic 7 = Cohesive/Liner 1B = Tab Broke
Origi.ator: Gary Purser 4 = Cohesive/Phenolic 8 = Adhesive/Liner B = Button Side
P = Panel Side
Date: 09/20/89 Test Machine: Rishle Temperature: 73  Dey. F
Technician: M.Davis Test Type: 45 Degree Peel Crosshead Speed: 2.0 in/ein
Nin Hax fivg Failure Node Analysis
Spec Segaent Panel Width  Stress Stress Stress Inches
No. 19. ID. Serial {in} (pli) pli) (pli) Peeled 1 2 3 4 5 6 7 8 9 10
21  Panel 3 1.0000  163.9 177.0 170.8 2.5 100
2 Panel 83 0.9900  156,9 163.7 160.7 2.5 100
23 Panel §3 1.0000 156.7 165.3 181.7 2.5 100
24 Panel 83 1.0000 154.3 15%.5 154.7 2.3 100
25 Panel 83 1.0000 52,3 163.9 158.3 2.3 100
25 Panel 83 £.0000  153.4 1669 158,2 2.5 100
21 Panel 83 : 1.0200 {53.0 172.0 182.7 2.5 100
28 Panel 83 1.0000  152.9 166.1 159.7 2.3 100
29 Panel #3 1.0000  159.9 1737 184.3 2.5 100
30 Panel 43 1.0000  181.9 1713 167.6 2.5 100 .
fAverage: 156.5 168.1 162.1 100
Standard Deviatioa: 4.1 3.2 4.5
Coeff. of Var: : 2.3 311 2475
Bate: 09/20/89 Test Machine: Riehie Tesperature: 73 Deg. F
Technician: #.Davis Test Type: 43 Degree Peel Crosshead Speed: 2.0 in/ain
fin Nax fivg Failure Mode Analysis
Spec Segsent Panel Width  Stress Stress Stress Inches
No. 1D. 1D. Serial - Ain) (pli)  (pli) (pli) Peeled 1 2 3 4 5 6 7 B % 10
31 Panel ¥4 1.0000 42,6 .6 2.6 0.0 {00 b}
32 Panel 4 0.9900 5.2 4§52 862 0.0 100 n
33 Panel ¢4 1.0100 2.1 2.1 8.1 0.0 100 1
34 Panel ¥4 1.0000 87 8T 8D 0.0 100 ™
35 Panel M 1.0000 41,8 4.8 4.8 0.0 100 3
36  Panel #4 1.0000 3.8 4.8 4.8 0.0 100 ™
37 Panel M 1,0000 8.6 4.1 39.5 0.0 100 i
38 Panel ¥4 0.9800 4.4 45,4 4.4 0.0 100 it}
39  Panel #4 1.0000 45.4 &1 45T 0.0 100 18
40 Panel #4 1.0000 41,8 43.0 424 0.0 100 n
fverage: ' 5.0 5.5 433 100
Standard Deviation: 2.3 2.0 2.1
Coetf. of Var: .2 AT AN
Prepared by the Mechanical Properties Characterization Section of the RiD Laboratories
PASE 2.
. TWR-50288
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LR ¢ :
Nort Order:
Originator:

Date:

ATTACHMENT 1.

09/20/89
Technician: N.Davis _

583240
BI1T74
Bary Purser

1 = Adhesive/ tal

2 = Cohesives/A hesive
3 = Adhesive/P enalic
4 = Cohesive/Pt 2n0lic

Test Machine: Rishle

Test Type:

43 Degree Peel

Failure Node Key
5 = Cohesive/Rubber
6 = Adhesive/Rubber
7 = Cohesive/Liner
8 = Adhesive/Liner

Tesperature: 73
Crosshead Speed: 2.0

9 = Void

R&D Laboratory - Test Result Data (Continued)

10 = Failure Cossent
TB = Tab Broke

Deg. F

in/ain

B=
P=

~

Buttom Side
Panel Side

Hin Hax fAvg Failure Mode fnaiysis
Spec Segeent Pane} Width  Stress Stress Stress Inches
No. 18, 1D, Serial (in) pli) (pli) (pli) Peeled t 2 3 4 S5 & 7 8 9 10
41 Pane] 5 1.0000 80.9 84,2 83.2 0.2 100 8
42 Panel #5 1.0000 76,8 9.4 T1.9 0.2 100 T8
43  Panel £ 1. 0000 79.1  80.7 B0.0 0.1 100 1} ]
4 Panel 15 1.0000 g0.1 83.2 B2.2 0.2 100 8
45 Panel §5 {. 0000 79.6 Bi.4  B80.5 0.2 100 1]
4 Panel 15 1.0000 82.3 83.9 8.0 0.2 100 T8
47 Panel 15 1.0000 9.6 81.3 80.4 0.1 100 n
48 Panel #5 1.0000 83.2 84.0 B35 0.1 100 T8
49  Panel £5 1.0000 g2.4 862 85.0 0.3 100 ) |
0 Panel 15 1. 0000 81.5 B2.9 823 0.2 100 - 1} ]
fiverage: B0.5 82.7 81.8 100
Standard Deviation: 1.9 2.1 2.1
Coetf. of Var: 2339 2.50 2.5
Date: 09/21/89 Test Machine: Riehle Tesperature: 73 Deqg. F
Technician: M.Davis Test Type: 45 Degree Peel Crosshead Speed: 2.0 in/ain
Hin Kax Avg Failure Mode Amalysis
Spec Segaent Panel Width  Stress Stress Stress Inches
No. 1b. ID. Serial {in} (pli} (pli) (pli) Peeled 1 2 3 4 5 &6 7 B 9% 10
51  Panel] 86 1.0000 170.5 180.8 175.8 2.5 100
52  Panel ¥6 1.0200 166.3 179.1 171.7 2.5 100
S3  Panel #6 1.0000 164.8 177.3 170.2 2.5 100
4  Panel #6 1.0000 159.4 1469.9 185.5 2.3 100
55 Panel #6 0.9800 155.8 165.7 161.2 2.5 100
35  Panel #6 1.0000 161.5 170.2 165.8 2.5 100
S7 Panel 36 1.0000 159.0 168.56 162.5 2.5 100
38 Panel 8 1.0000  183.9 172.7 168.0 2.5 100
59 Panel #6 0.9700  164.0 171.4 164.9 2.3 100
60 Panel #6 1.0000 183.2 173.3 167.4 2.5 100
Average: 162.8 172.9 167.5 100
Standard Deviation: 4.2 4.8 4.3
Coeft. of Var: 2,55 2.79 2.5
Prepared by the Mechanical Properties Characterization Section of the R&D Laboratories
PACE =
TWR-50288
REVISION _ DOC NO. l voL

SEC

] PAGE 9



TFcofol corroramon
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ATTACHMENT 1I.
LWk §: 583240
Work Order: B1174
Driqinator: Gary Purser
Date: 09/21/89

Technician: M.Davis

| = Adhesive/Netal

2 = (ohesive/Adhesive
3 = Adhesive/Phenolic
4 = Cohesive/Phenolic

Test Machine: Riehle

Test Type:

45 Degree Peel

Tesperature:

Failure Node Key

3 = Cohesive/Rubber ¢ = Void

§ = pdhesive/Rubber 10 = Failure Cosmert
7 = Cohesive/Liner TB = Tab Broke
8 = Adhesive/Liner B = Button Sife

P = Panel Siie

13 Deq. F

Crosshead Speeds 2.0  in/ain

R&D Laboratory — Test Result Data (Continued)

Hin Nax fivg Failure Node Analysis
Spec Seqment Panel Width  Stress Stress Stress Inches
No. iD. 1D. Serial {in) {pli} (pli) (pli) Peeled § 2 3 4 5 & 7 8 9 10
61 Panel ¥7 0.9800 83.2 86.2 BA9 0.2 0 50 1]
62 Panel §7 0.9600 80.7 82.0 B1.2 0.1 % 50 8
63 Panel #7 1.0300 B1.3 82.2 B1.8 0.1 40 80 8
64 Panel #7 0.9800 81.9 83.4 829 0.2 30 70 1]
65 Panel ¥7 1.0100 B1.6 840 B3.1 0.2 30 70 ™
66 Panel #7 £.0000 78.0 B3.5  B0.7 1.3 20 B0 b}
47 Panel #7 1.0200 7.t Baé M3 1.2 20 8 i
68 Panel #7 1.0200 79.4 B81{.8 80.8 0.3 40 &0 b}
49 Panel ¥ 1.0000 78.3 824 80.4 0.4 0 % B
70 Panel #7 1.0300 77.7  82.9  B0.9 0.8 20 80 bt
Average: 79.9 8.1 BL.é 32 &8
Standard Deviation: 2.1 1.3 1.6
Coeff. of Var: ’ 2,62 1.7 199
Date: 09/21/8% Test Machine: Riehle Tesperature: T3 Deg. F
Technician: M.Davis Test Type: 45 Degree Peel Crosshead Speed: 2.0 in/ain
flin Max fvg Failure Mode Analysis
Spec Segaent Panel Width  Stress Stress Stress Inches
No. 1D. 1D, Serial (in) {pli) (pli} (pli} Peeled 1 2 3 &4 S 4 7 8B 9% 10
71 Panel 48 1.0000  133.4 61,0 157.2 2.3 30 70
72 Panel 48 £.0000  154.2 165.5 160.1 2.5 3 70
73 Pane] #8 1.0400  145.5 158.3 152.5 2.5 30 70
74 Panel 48 1.0000  148.0 1607 135.5 2.5 0 &0
75 Panel 48 1.0200 30,1 162.1 153.7 2.3 J0 70
76 Panel 48 £.0000  183.1 159.5 1363 2.5 30 70
77 Pane] 48 0.9700 1546 161.3 157.9 2.3 W 70
79 Panel 48 1.0000  150.2 157.7 154.8 2.5 3 70
79 Panel 48 0.9800  158.0 164.1 161.3 2.5 30 70
80 Panel 48 1.0000  159.1 163.2 162.0 2.5 30 70
Average: 152.6 161.3 137.3 31 &9
Standard Deviation: 4,3 3.0 3.0
Coeff, of Var: 277 1.9 L.

REVISION

Prepared by the Mechanical Properties Characterization
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ATTACHMENT I. R&D Laboratory - Test Result Data (Continued)

- Fa1lure Mode Kev
Adhesive/Metal 5 = Cohesive/Rubber 9 = Void

{1 =

LWR ¢ : 583240 2 B [ohesive/adhesive & = Adhesive/Rubber 10 = Failure Cosment

Work Order: BH{74 3 = Adhesive/Phenolic 7 = Cohesive/Liner TB = Tab Broke

Originator: fary Purser 4 = Cohesive/Phenolic 3 = Adhesive/Liner B = Button Side

P = Panel Side
Date: 09/21/89 Test Machine: Riehle Tesperature: 73 Deg. F
Technician: M.Davis Test Type: 45 Degree Fee} Crosshead Speed: 2.0 in/ain
Nin Nax Avg Fatlure Mode Analysis

Spec Seqaent Panel Width  Stress Stress Stress Inches

No. 1D. ' ID. Serial {in} {pli}  (pli} fpli} Peeled 1 2 3 4 5 6 7 8 9 10
B!  Panel ¥9 1.0300 7.6 7.1 78.3 2.1 100 18
82 Fanel 89 1.0000 85.9 8.5 85.2 0.3 100 T8
83 Panel 89 1.0400 82.9 8.3 85.0 0.3 100 L
§4 Panel #9 1.0300 80.8 B2.8 819 0.4 100 T8
85 Panel #9 1.0200 8.5 85.2 83.4 0.4 100 T8
846 Panel #9 0.9500 82,2  Bb.4 84,2 0.4 100 T
87 Panel #9 1.0000 8.9 85.3 83.6 0.3 100 T
88 Panel #9 1.0000 8.5 7.8 79.1 0.1 100 T8
89 Panel #9 1. 6000 83.0 648 B4 0.2 100 T8
90 Panel 89 1.0000 82.5 83.7 831 0.3 100 T8
fAverage: 81,3 84.0 82.8 100

Standard Deviation: 2.0 2.7 2.4

Coeft. of Var: .47 319 2.8

Date: 09/21/89 Test Machine: Riehle Tesperature: 73 Deg. F

Technician: M.Davis Test Type: 45 Degree Peel Crosshead Speed: 2.0 in/ain

Nin Max fivg Failure Node Analysis

Spec Segaent Panel Width  Stress Stress Stress Inches

No. iD. ID. Serial {in) iplt}  (pli) {pli) Peeled ' 2 3 4 § & 7 8 9 10
91 Panel #10 1.0000  160.6 184.9 169.7 2.5 100

92 Panel #10 1.0000  181.3 173.8  168.3 2.5 100

93  Panel #10 1.0000 157.6 169.7 163.3 1.9 100

94 Panel #10 1.0000  159.3  175.9 147.9 1.9 100

$95 Panel #10 1.0000  -4.8 2223 113.8° .3 7 100 T8
96  Panel #10 1.0000  186.9 205.7 194.6 3 100

97  Panel #10 1.0000  163.8 176.8 172.1 3 100

58 Panel #16 1.0000  162.3 181.0 170.¢ 3 100

99  Panel #10 1.0000 1629 1B1.0 169.5 3 100

100 Panel #10 1.0000  183.0 174.5  148.2 3 100

Average: 164.4 180.4 171.8 100

Standard Deviation: 9.4 10.5 .4

Coetf. of Var: 572 585 5.480

t Excluded tros average SEEL LoMMENT op) PASE 7
Frepared bv the Mechanical Froperties Characterizaticn Sectizn aof the R&D Labarator:ies
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SPACE OPERATIONS

ATTACHMENT I. R&D Laboratory — Test Result Data (Continued)

Failure Node Key

1 = Adhesive/Netal 3 = Cohesive/Rubber 9 = Void

LWR & : 583240 2 = Cohesive/Adhesive 6 = Adhesive/Rubber 10 = Failere Cossent

Work Order: B1174 3 = Adhesive/Phenolic 7 = Cohesive/Liner T8 = Tab Broke

Criginator: Bary Purser 4 = Cohesive/Phenolic 8 = Adhesive/Liner B = Buttos Side

P = Panel Side
Date: 09/21/89 Test Machine: Riehle Teaperature: 73 Deg. F
Technician: M.Davis Test Type: 45 Degree Peel Crosshead Speed: 2.0 in/ein
Min Nax fAvg Failure Mode Analysis

Spec Segaent Pane] Nidth  Stress Stress Stress Inches

No. 1D. 1D, Serial {in) (pli) (pli) (pli) Peeled 1 2 3 &4 5 6 7 8 9 10
101 Panel #11 1.0000 0.1 133.1  69.8 0 100 TB
102  Panel #11 1.0000 0.0 133.0 &9.0 ] 100 TB
103  Panel 811 1.0000 .1 132.3 8.2 0 100 TB
104 Pane] #11 1.0000 0.8 137.0 725 0 100 TB
105 Panel #11 1.0000 0.7 1348 65.0 0 100 7B
106 Panel $11 1.0000 4.1 132.8 4.8 0 100 18
107 Panel #11 1.0000 0.4 1349 47.8 0 100 T8
108 Panel #i1 1.0000 .5 122.9 523 0 100 18
109  Panel #11 £.0000 2.1 1.2 b63.b 0 100 T8
110  Panel #11 1.0000 -3.9 139.4 618 0 100 78
fiverage: 1.0 185 8.5 100
Standard Deviation: 1.8 4.3 8.7

Coetf. of Var: -182.50 328 10,57
Date: 09/21/89 Test Machine: Riehle Tesperature: 75 Deg. F

Technician: M.Davis Test Type: 45 Degree Peel Crosshead Speed: 2.0 in/amin

Hin Nax fivg Failure Mode Analysis

Spec Segaent Panel Width  Stress Stress Stress Inches

No. 1D, 1D, Serial {in) (pli) (pli) (pli) Peeled ! 2 3 4 5 6 7 B 9 10
{11 Panel 412 1.0000  176.1 193.2 183.7 3 100

112 Panel 412 1.0000 168.2 189.4 177.6 . 3 100

113 Panel #12 1.0000  166.2 178.1 171.7 3 100

114 Panel #12 1.0000 {71.8 189.2 179.¢% 2 100

115 Panel #12 1.0400  162.2 174.0 148.4 2.5 100

116  Panel #12 1.0200  165.9 184.8 174.1 2.5 100

117 Pane)l #12 1.0000  164.3 187.3 173.3 2.7 100

118 Panel $12 1.0300  187.f 179.8 73.5 2.5 100

119 Panel #12 1.0000  170.4 1B2.6 174.9 2.3 100

120 Panel #12 1.0700 185,01 176.2 171.8 2.5 100

Average: 167.7 183.5 174.8 100

Standard Deviation: 4.1 6.4 4.4

Coeff. of Var: .83 .48 2.54

Prepared by the Mechanical Properties Characterization Section of the R&D Laboratories
FAGE 4
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SPACE OPERATIONS
ATTACHMENT I. R&D Laboratory - Test Result Data (Continued)

Failare Mode Rey

1 = Adhegive/Metal 5 = Cobesive/l.ubber § = Void
L # 583240 1 = Cobesive/Adbesive 6 = Adbesive/ ubber 10 = Pailure Commest
Work Order: BHIN 3 = Adhesive/Phenolic T = Cohesive/ iner T8 = Tab Broke
Originator: Gary Purser { = Cohegive/Phenolic 8 = Adhesive/liner § = Buttos Jide
. P = Pagel Side
Date: 09/25/89 Test Nachine: Rieble © Tesperature: 13 Deg. P
Technician: N.Davis ~ Test Type: 45 Degree Peel Crosshesd Speed: 2.0 in/mis
Hin Max Avg Failure Node Amalysis
Spec Jegaent Panel Vidth  Stress Stress S8tress Inches
No. D, ID. Serial {in) {pli} (pli) (pli) Peeled 1 2 3 4 5§ 6 T 8 9§ 10
1121 Panel $13 1.0000 81.0 840 82.§ 0.2 10 8o b ]
122  Panel #13 1.0200 3.1 8.3 1.0 2.0 07
123 Panel $13 1.0200 13.4 81,3 16.8 2.0 0 1
124 Pane] #11 1.0000 129 19.3 8.1 2.0 30 1
$125  Panel $13 1.0200 19.5 818 810 0.3 N b1 ]
t126  Panel $13 ) 1.0000 19.1 8.5 82.0 0.2 30 10 b1 ]
3127  Panel #13 1.0400 §8.1 TS 1003 0.1 0 8 b1 ]
$128  Panel $13 1.0000 4.0 1.8 5.2 0.1 0N it ]
1128 Panel #13 1.0000 18.1 8.1 814 0.5 N n
$130  Panel $13 1.0000 5.2 81.8 1.2 1.0 N n
Average: 7.1 8.3 158 kI [ ]
Standard Deviatioa: 0.2 1.0 0.1
Coeff. of Var: 0.3  L20  0.18
Date: 09/25/89 Test Machine: Riekle Temperature: 13 Deg. ?
Technician: H.Davis Test Type: 45 Degree Peel Crosshead Speed: 2.0 infuin
fin Nax Avg failure Node Analysis
Spec Segment Panel - Width  Stress Stress Stress Inches
Vo. 1D. ID. Serial {in} tpli)  (pli) {pli) Peeled 1 2 3 & 5 6 T 8 9§ 10
131  Papel U4 1.0000 117.8  203.3 193.8 9.4 0 10 b ]
132 Panel U4 1.0000 1737 197.1 189.2 0.2 070 ™
133 Panel #14 0.9900  181.5 204.0 200.1 0.2 0 10 18
134 Panel #14 1.0400 138.9 207.1 183.% 0.9 W0 80 by ]
135  Panel #14 1.0000 144,86 207.1 184.9 0.8 20 W b |
136 Panel #14 1.0200 1141 206.5 160.4 1.0 0 80 18
131 Panel $14 1.0000 158.1 214.0 203.7 0.1 20 8 by ]
138 Panel #H4 1.0000 145.8 217.2  190.3 0.8 20 80 1
13 Panel 114 0.9900  155.8 218.3 200.1 0.1 20 80 b1 ]
140 Panel #14 1.0000 131.8 212.3 184.9 0.8 20 80 1
Average: 152.8 208.7 189.1 un
Standard Deviation: 2.5 6.7 12.3
Coeff. of Var: .74 3,20 6.51

"t Txcluded from average ON SAMPLES WHERE THE SAMPLE PEEL BREAKS wiTH LITTLE OR No PEELINE SuiF
THE IMAX STRESS (FLT)

b X . e .
Prepared by the Mechanical Properties Characterization Section of the 88D Laboratories )5 4 vALID TEST pESOCT
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SPACE OPERATIONS

ATTACHMENT II. Memo 8863-FY90-M046 Bond Strength

T/ o€ corroration

SPACE OPERATIONS

11 Ooct 1989
8863-FY90-M046

TO: S. K. Jensen
FROM: D. S. Brown

Extension 5813
SUBJECT: Bond Strength
REVIEW

A test matrix of 14 different combinations was set up and

ten measurements were taken at each combination (see Table 1).
Panel 11 and panel 13 were not included in the analysis
because there is a concern about the validity of these
measurements. Also, panel 10 had one measurement which was
not included in the analysis. The average stress values

were analyzed.

CONCIUSIONS

It is obvious that rubber thickness is a significant factor.
lLevel 3 (.300 in.) yields larger values than level 2 (.100 in.)
and level 1 (.050 in.). Also, level 2 yields larger values
than level 1.

The following comments are my subjective opinion. Valid
statistical tests could not be performed.

I believe that rubber preparation is a significant factor for

rubber thickness of .300 in. Panel 3 and panel 10 were compared
to each other, panel 6 and panel 12 were compared, and panel 8
and panel 14 were compared. These three comparisons indicated
that the panels which had the wire brush yielded larger values
than the panels without the wire brush. I believe that rubber
preparation is not a significant factor for rubber thicknesses

of .050 and .100.

TWR-50288
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SPACE OPERATIONS

ATTACHMENT II. Memo 8863-FY90-M046 Bond Strength (Continued)

Page 2

I believe that Chemlok may be a significant factor for rubber
thickness of .300 in. Panel 3, panel 6, and panel 8 were
compared and panel 10, panel 12, and panel 14 were compared.
These two comparisons indicated that the three levels of
Chemlok yield different results, however, it is not clear which
level yields larger values. I believe that Chemlok is not a
significant factor for rubber thicknesses of .050 and .100.

DISCUSSION

In comparing within a factor, the simultaneous effect of the
other factors has not been included. This invalidates any
statistical comparison, but it does allow for some general
observations. The data is in Table 2.

A’)um J. &W\_

Duane S. Brown
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SPACE OPERATIONS

ATTACHMENT II. Memo 8863-FY90-M046 Bond Strength (Continued)

Table 1

Panel

1 2 3 4 5 6 7 8 910 11 12 13 14

Rubber Preparation

'1) TCA Clean with
Rymple Cloth X X X X X X X X

2) Wire Brush & TCA
Clean/Dry with

Rymple Cloth X X X X X X
Chemlok
1) One Coat 233 X X X X X

2) One Coat 205
then one Coat 233 X X X X X

3) Tackifier X X X X

Rubber Thickness

1) .050 in. X X
2) .100 in. X X X X X X
3) .300 in. X X X b4 X X
TWR-50288
REVISION : DOC NO. I voL
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ATTACHMENT II. Memo 8863-FY90-M046 Bond Strength (Continued)

Table 2
Panel
1 2 3 4 5 6

39.4 89.8 170.8 42.6 83.2 175.8
42.0 86.8 160.7 45.2 77.9 171.7
42.7 84.7 161.7 42.1 80.0 170.2
43.5 84.0 156.7 43.7 82.2 165.5
40.6 83.8 158.3 41.8 80.5 161.2
43.5 84.0 158.2 43.8 83.0 165.8
41.9 80.5 162.7 39.6 80.4 162.6
42.3 75.1 159.7 46.4 83.5 168.0
41.3 81.8 164.5 45.7 85.0 166.9
44.0 85.1 167.6 42.4 82.3 167.4

Panel

7 8 9 10 12 14

84.9 157.2 78.3 169.7 183.7 193.8
81.2 160.1 85.2 168.3 177.6 189.2
8l.8 152.5 85.0 163.3 171.7 200.1
82.9 155.5 81.9 167.9 179.9 183.8
83.1 155.7 83.4 196.6 168.4 184.9
80.7 156.3 84.2 172.1 174.1 160.4
79.3 157.9 83.6 170.6 173.3 203.7
80.8 154.8 79.1 169.5 173.5 190.3
80.4 161.3 84.1 168.2 174.0 200.1

80.9 162.0 83.1 171.8 184.9
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